Peat water is an abundant water resource in Asia, especially in rural areas. However, it is unsuitable to be used as a commercial water supply. Monitoring peat water characteristics at Beriah swamp, Perak, recorded colour (238 PtCo), turbidity (12.86 NTU), iron (0.89 mg/L), pH (4.8) and chemical oxygen demand (COD) (27 mg/L) over the national limitation standards. In this study, surfactant modified bentonite (SMB) shows high removal of colour (95%), turbidity (97%) and iron (100%) from peat water, but not COD (almost non-removal). From the results obtained, treatment of peat water using a combination of chitosan-natural bentonite was more efficient by the resulting optimal removal for all parameters such as colour (78%), turbidity (89%), iron (90%) and COD (67%).
INTRODUCTION
Generally, swamps are described as wetlands which are covered with forest and are usually located near a river or lake.
There are more than 420 million hectares of peat soil on earth (Wösten et al. ) , especially in tropical regions (72 million hectares) (Ayob & Khairi ) and subtropical areas. Indonesia has the largest area of peat swamp with 20 million hectares (Dwiyono & Rachman ) followed by Malaysia with 2.7 million hectares (Mutalib et al. ) and Brunei. According to Chan () , most Malaysians never expected that Malaysia would face water shortage problems until the water crises hit Melaka in 1991, and Selangor and Kuala Lumpur in 1998. As a solution, an alternative water resource needed to be identified and peat water was the best alternative to be studied for water demand. The peat swamp has a unique water retention ability which makes it useful as water storage, even in dry seasons. Due to the high organic compound and iron content and its acidity, peat water remains unutilized (Noraini et al. ) .
In order to make peat water one of our fresh water resources, pollutants inside the water need to be removed.
Several techniques are available to remediate peat water but most of them are costly and irrelevant. Thus, effective and economical techniques need to be determined (Kamari et al. ) . Coagulants such as chitosan and bentonite have proven their ability to remediate various types
MATERIALS AND METHODS

Chemicals and materials
Fresh peat water sampling was carried out for 6 months in the Beriah swamp, Perak, and the sample was preserved in a cold room until the test was conducted. The characteristics of peat water during sampling are recorded in Table 1 . Chitosan was bought from a supplier located adjacent to the campus in powdered form, while natural bentonite in powdered form was bought from Ipoh Ceramic Sdn Bhd in Ipoh, Perak, and was imported from China. The modification of natural bentonite was prepared by using Uniquat (QAC-50) as the cationic surfactant. An aqueous Uniquat was diluted in 500 mL of distilled water containing 15 g of natural bentonite. The mixture was stirred in a mixer for 3 hours at 350 rpm. The mixture was then rinsed several times with distilled water (Alkaram et al. ) . The coagulants were used in powder formed with a particle size of 63 μm.
Four elements in the peat water were observed in this study: true colour, turbidity, chemical oxygen demand (COD) and iron. The elements were tested by using a HANNA Microprocessor Turbidity Meter HI98703 (turbidity), a HACH DR2800 Spectrophotometer with a wavelength of 455 nm (colour), a HACH DR2800 Spectrophotometer at a wavelength of 620 nm for COD and a Multiparameter Bench Photometer (iron). The size distribution of the coagulant before and after testing was measured using Mastersizer analysis.
Sampling
Sampling activities for peat water were carried out at the Beriah Kanan swamp near Kampung Batu Lima, Beriah, and Perak, as shown in Figure 1 . Peat water was classified as fresh peat water flowing into the river (Wan et al. ) . were measured in order to determine peat water quality before (raw peat water) treatment. The physical characteristics include turbidity, colour, pH and temperature, while the chemical characteristics studied were heavy metal content, major and minor ions, dissolve oxygen, salinity, electrical conductivity, COD and ammonia.
Procedure
A six-beaker jar test apparatus was used to simulate the coagulation/flocculation process. The pH of peat water was adjusted according to the purpose of the test. HCl and NaOH were used as agents to increase or reduce the pH in 500 mL of the sample. The three main parameters determined were optimum pH, optimum dosage and optimum contact time. The sample which had already undergone pH adjustment was subjected to the coagulation and flocculation process under a certain contact time. All batches were performed at fixed rotation per minutes at 150 rpm rapid mixing, 50 rpm slow mixing and settlement. In settlement, normally flocs were allowed to settle for 30 min by force of gravity (Sadri et al. ) . After the settlement process, the supernatant was tested in order to compare the concentration of supernatant before and after treatment. The percentage of removal was calculated by the following equation:
where
The experiment was repeated three times in order to produce good data.
Experimental design and data analysis
The optimum concentration of combination was determined by a varied concentration of coagulants in constant pH, contact time and ratio (30:70 ratio for chitosan:natural bentonite and similar ratio for chitosan:SMB). Then the optimum concentration obtained was applied on RSM. A central composite design with four axles, four centrals and five replicates was used to predict and define the optimum coagulation occurring in the treatment (Thuy & Lim ) .
With two factors (pH and dosage) and five duplicates, the number of samples run was 13 for all adsorbents. The contact time for all adsorbents was determined prior to running RSM in order to reduce the variable applied and Figure 1 | Location of study at Beriah, Perak (Wan et al. 2005) .
increase the sensitivity of the final results (optimal conditions 
RESULTS AND DISCUSSION
Peat water characteristics The amount of iron inside the sample increased during rainy days compared to sunny days. This phenomenon has been explained by Kløve () as the wash out process.
Preliminary study
Optimal contact time
As shown in Table 2 , the effluent treated with SMB recorded a higher percentage of removal for all parameters (nearly 100% removal) at an early reaction time of 2 min for colour (98%) and iron (100%) while turbidity reached its optimum (98%) at 4 min. Therefore, the opti- and 100% for colour, turbidity and iron, respectively (Table 2) . Thus, the optimal contact time for SMB reaction was 2 min for rapid mixing, 30 min for slow mixing and 30 min for settlement. These data were applied in the RSM model.
For effluent treated with combination chitosan-natural bentonite, Table 3 shows the optimum rapid mixing occurred at 4 min with a higher percentage of removal for colour, iron and COD at 85, 87 and 31%, respectively, while turbidity (86%) was optimum at a contact time of 2 min. The optimal contact time for rapid mixing was found to occur at 4 min. Subsequently, the optimal contact time at the flocculation phase was found to be 30 min since the percentage of removal of colour and iron recorded was higher, being 79 and 83%, respectively. The higher percentage of removal for colour, iron and COD was achieved at 30 min settlement, while turbidity required 90 min to reach optimal. In short, optimal contact time for rapid, slow and settling can be concluded as 4, 30 and 30 min, respectively, for treating peat water by using this combination.
For effluent treated with chitosan-surfactant modified bentonite, Table 4 depicts the optimal contact time for coagulation, flocculation and settlement as 2, 10 and 30 min, respectively; higher percentages of removal in rapid mixing occurred at 2 min at approximately 85, 97 and 100% for colour, turbidity and iron, respectively, while slow mixing resulted in a similar percentage of removal to the coagulation process but at different contact times of 30, 10 and 5 min, respectively. The settlement process also showed higher mixing, slow mixing and settlement could be concluded as 2, 10 and 30 min, respectively.
Optimal concentration of coagulants
In this study, the optimum concentration of surfactant was determined first. The compactable concentration was important to be defined due to its excellent performance and cost aspects. Based on Figure Therefore COD was removed from the parameters listed and optimal concentration of combination occurs at 800 mg/l.
Experimental design and statistical analysis
Surfactant modified bentonite in treating peat water
The preliminary study for surfactant modified bentonite's performance towards dosage and pH was performed previously in order to determine the critical range of dosage and pH to achieve the optimal condition when it reacted in the peat water sample, i.e. optimal dosage 0.5 g and pH 4. The optimum contact time of rapid mixing, slow mixing and settlement were run in this study (2, 30 and 30 min). Several batches were prepared according to the model and the outcome from the test is presented in (Table 6 ). Therefore this model could be considered favourable.
The predicted and analysis model was generated from 
In the RSM, the interaction between variables can be explained by using a two-dimensional or three-dimensional (3D) graph. In this study, 3D was seen as more appropriate and easy to represent the interaction involved. According to Figure 5 , all responses, including colour, are shown to present optimal outcomes of higher than 90% removal. In The turbidity response was similar to that of colour's which was workable in acidic conditions while the dosage was parallel to the percentage of removal. This pattern was also experienced by the iron parameter. The maximum percentage of removal of iron was generated as 96%. The similarity between colour, turbidity and iron showed that these three responses were related to/affected by each other.
Combination of chitosan-natural bentonite in treating peat water Table 7 shows the experimental model together with the actual and predicted value. The difference between the predicted and experimental data recorded was not too large. Further discussions were made about the polynomial equation generated to estimate the results obtained by the model (Y ). In this study, the quadratic models are given in Equations (5)- (8) Table 9 , the combination of chitosan-surfactant modified bentonite could be considered as excellent in removing pollutants from the peat water sample. Almost 100% removal was achieved for the three parameters: 98% for colour, 97% for turbidity and 100% removal for iron concentration. In short, the assumption in earlier experiments was true as chitosan and surfactant modified bentonite can work together to remediate pollutant samples, except for COD.
The finding was supported by the validation data provided by this model. Table 10 
Process optimization
In order to maximize the removal efficiency, a regression equation was optimized. In this study, a cost driven approach (dosage) was preferred to determine the maximum removal in natural conditions. Therefore, several condition values were fixed in order to find the optimal conditions and the optimization results are shown in Table 11 .
Higher percentages of removal were obtained under the constraint conditions (Table 11 ). More than 78% of removal was achieved by this model. The SMB coagulant resulted in 
Comparison between coagulants
The study shows that all coagulants performed excellently in remediating peat water. However, only the combination chitosan-natural bentonite reduced COD concentration inside the sample. The percentages of removal for colour, turbidity and iron were almost similar between each coagulant but were different for the COD parameter. Surfactant modified bentonite (SMB) and combination chitosan-SMB showed no affinity towards COD, which is a disadvantage.
The comparison between the coagulants in terms of removal as well as pH favoured the combination of chitosan-natural bentonite since higher percentages of removal were obtained for all parameters when using this coagulant.
The natural peat water pH of 4.8 was preferred in this study in order to reduce the cost of pH adjustment as well as for portability reasons during treatment and to reduce the amount of chemical usage inside the water. The amount of dosage used for this combination was also acceptable and reasonable. Moreover, in terms of cost, combination chitosan-natural bentonite was less expensive compared to the others, as mentioned in Table 12 . Furthermore, the comparison of the final concentrations with the standard showed that turbidity, iron and COD (though not colour) satisfied the requirements. Thus, it was suggested that an additional treatment was applied to remove colour when using this combination.
CONCLUSIONS
The fresh peat water at the Beriah swamp, Perak, is brownish in colour, acidic, and contains high amounts of organic matter and iron concentrations. In short, the peat water is unsuitable to be consumed directly. For it to be consumable, intensive treatment is needed. A comparison between each coagulant was made and the combination of chitosan-natural bentonite was concluded to be the best coagulant for remediating peat water. The combination of chitosan-natural bentonite in acidic conditions under the optimal concentration of 800 mg/L produced more than 67% of removal of pollutant (colour, 78%; turbidity, 89%; Fe, 90%; COD, 67%) as well as reducing the amount of dosage used (chitosan-natural bentonite; 0.21 g:0.19 g). This combination is obviously relevant as a purifying agent for peat water. Other coagulants studied such as combination chitosan-SMB and SMB also showed an affinity towards pollutants in the treatment. However, the results obtained did not fulfil the standard requirements. A modification of bentonite with surfactant, for example, produced higher removal of the parameters but not COD, and therefore the effluent failed to fulfil the drinking water National Standards. Thus, the best material to treat peat water is the combination of chitosan-natural bentonite. 
